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Zh od| rxw d prgho ri zdjh edujdlqlqj zlwk wzr ohdglqj ihdwxuhv=
edujdlqlqj lv h{ srvw wr uhohydqw lqyhvwphqwv dqg wkhuh lv lqglylgxdo
edujdlqlqj lq ￿upv zlwkrxw d Xqlrq1 Zh frpsduh lqglylgxdo h{ srvw
edujdlqlqj wr frruglqdwhg h{ srvw edujdlqlqj dqg zh dqdo|}h wkh hi0
ihfwv rq zdjh irupdwlrq1 Dv rssrvhg wr h{ dqwh edujdlqlqj prghov/
wkh frvwv ri ghvwur|lqj wkh hpsor|phqw uhodwlrqvkls sod| d fuxfldo uroh
lq ghwhuplqlqj zdjhv1 Kljk ￿ulqj frvwv lq sduwlfxodu |lhog d uhqw iru
hpsor|hhv1 Rxu wkhru| srlqwv wr d hpsor|hu vl}h0zdjh h￿hfw wkdw lv
lqghshqghqw ri wkh surgxfwlrq ixqfwlrq dqg pdunhw srzhu1 Zh ghulyh
d vlpsoh ohdvw vtxduhv vshfl￿fdwlrq iurp wkh wkhruhwlfdo prgho wkdw
doorzv xv wr hvwlpdwh frpsrqhqwv ri wkh zdjh suhplxp iurp frru0
glqdwlrq1 Zh uhmhfw wkh k|srwkhvlv wkdw oderu frruglqdwlrq grhv qrw
dowhu wkh h{whqvlyh irup ri wkh edujdlqlqj jdph1 oderu frruglqdwlrq
vxevwdqwldoo| lqfuhdvhv edujdlqlqj srzhu exw ghfuhdvhv oderu*v delolw|
wr srvh frvwo| wkuhdwv wr wkh ￿up1
MHO Fodvll￿fdwlrq= M84/ M74/ M851
4H{ srvw edujdlqlqj/ Oderu Frruglqdwlrq dqg
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Prvw ri wkh olwhudwxuh wkdw kdv orrnhg lqwr wkh hfrqrplf lpsolfdwlrqv ri wudgh
xqlrqv dqg oderu frruglqdwlrq dw edujdlqlqj kdv irfxvhg pdlqo| rq wkh wkh0
ru| dqg phdvxuhphqw ri wkh xqlrq zdjh suhplxp dv zhoo dv rq wkh h￿hfwv ri
xqlrql}dwlrq rq ghflvlrqv zlwklq wkh ￿up/ olnh wkrvh rq klulqj dqg lqyhvwlqj1
Wkh ohdglqj prghov wr iudph xqlrq h￿hfwv duh wkh h!flhqw edujdlqlqj +HE,
prgho dqg wkh uljkw wr pdqdjh +UWP, prgho41 Wkh| kdyh lq frpprq wzr
fkdudfwhulvwlfv= wkh dvvxpswlrq ri Qdvk edujdlqlqj wr ghwhuplqh vxusoxv glyl0
vlrq dqg wkh devwudfwlrq ri srvvleoh glvwruwlrqdu| h￿hfw ri h{ srvw edujdlqlqj
rq h{ dqwh lqyhvwphqwv1 UWP gl￿huv zlwk HE lq wkdw frqwudfwlqj lv lqfrp0
sohwh/ lw grhv qrw lqfoxgh hpsor|phqw ghflvlrqv1 Wkh lpsolflw dvvxpswlrq
ehklqg wkh HE prgho lv wkdw edujdlqlqj ehwzhhq wkh xqlrq dqg wkh rzqhu lv
h{ dqwh wr uhohydqw ghflvlrqv iru uxqqlqj wkh ￿up1 Lq wkh UWP prgho edu0
jdlqlqj lv h{ dqwh wr doo wkrvh ghflvlrqv h{fhsw iru wkh klulqj ghflvlrq/ wkdw lv
d frqwuro uljkw doorfdwhg wr pdqdjhphqw1
Vrph olplwdwlrqv ri wklv wkhruhwlfdo iudphzrun/ lq sduwlfxodu/ lwv odfn ri
urexvwqhvv/ kdyh ehhq uhfhqwo| srlqwhg rxw1 Pdqqlqj +<7, vkrzv wkdw li d
￿up*v ghflvlrq rq wkh qdwxuh ri wkh whfkqrorj| fkrvhq lv lqwurgxfhg/ wkh
vwdqgdug suhglfwlrqv ri wkh HE dqg UWP prghov fdq eh uhyhuvhg1
Pruh jhqhudoo|/ d qxpehu ri lvvxhv uhpdlq xqvroyhg zlwklq wkh HE2UWP
sdudgljp1 Dowkrxjk pdq| lqvwdqfhv ri edujdlqlqj lq ￿upv fdq eh wkrxjkw
ri dv h{ dqwh edujdlqlqj/ wkhuh duh dovr fdvhv zkhuh edujdlqlqj wdnhv sodfh
h{ srvw zlwk uhvshfw ri ghflvlrqv uhohydqw iru uxqqlqj wkh ￿up1 Lq Vsdlq/
iru lqvwdqfh edujdlqlqj jdphv suhylrxv wr forvlqj froohfwlyh djuhhphqwv lq
odujh ￿upv wdnh sodfh shulrglfdoo|5 +riwhq |hduo| ru hyhu| wzr |hduv,1 Wkhvh
djuhhphqwv +wkh vr fdoohg ￿Frqyhqlrv Frohfwlyrv￿, duh uhdfkhg ehwzhhq uhsuh0
vhqwdwlyhv ri rzqhuvkls +pdqdjhuv, dqg hohfwhg uhsuhvhqwdwlyhv ri suhylrxvo|
kluhg hpsor|hhv1 Wklv lpsolhv lq sduwlfxodu wkdw wkh whupv ri wudgh ehwzhhq
rzqhuv dqg hpsor|hhv duh ghflghg lq d vhtxhqfh ri qhjrwldwhg vkruw0whup
+rqh |hdu, frqwudfwv lqghshqghqw ri hdfk rwkhu1 Lw dovr lpsolhv wkdw orqj0
whup lqyhvwphqwv +wkrvh wkdw kdyh h￿hfwv rq ￿up*v sd|r￿v dw ohdvw rqh |hdu
diwhu wkh| duh vxqn, duh vxemhfw wr d vwdqgdug krog0xs sureohp6/ dv ghvfulehg
4vhh Pdqqlqj +<7, iru d fulwlfdo uhylhz ri wkhvh wzr prghov1
5Vhh Ehqwrolod dqg Grodgr +<7,/ Mlphqr dqg Wrkduld +<6,/ Mlphqh} +<8, dqg Phwfdoi
dqg Ploqhu +<7, iru d ghvfulswlrq ri wkh Vsdqlvk oderu pdunhw lqvwlwxwlrqdo vhwwlqj1
6Wkh uhfhqw remhfwlrqv wr wkh odfn ri frpplwwphqw dvvxpswlrq xqghuo|lqj wkh krog0xs
sureohp lq Pdvnlq dqg Wluroh +<;, gr qrw dsso| wr oderu zdjh edujdlqlqj zkhq wkh odz
6lq Jurxw +;7, dqg Kduw dqg Prruh +<3,1
Pruh wr wkh srlqw/ dq lpsruwdqw frqvhtxhqfh ri h{ srvw edujdlqlqj +h{
srvw ehlqj gh￿qhg dv srvwhulru wr wkh lqyhvwphqw ghflvlrq exw suhylrxv wr wkh
surgxfwlrq vwdjh, lv wkdw wkh uhohydqw rxwvlgh rswlrqv wr sduwlhv duh lqghhg
yhu| gl￿huhqw wr wkrvh xqghu h{ dqwh edujdlqlqj1 Lq sduwlfxodu/ xqghu h{
srvw edujdlqlqj/ wkh rxwvlgh rswlrq wr wkh rzqhu lv sodxvleo| uhodwhg wr khu
sd|r￿ zkhq ￿ulqj d vxevhw ri wkh hpsor|hhv1 Ilulqj d vxevhw ri hpsor|hhv
kdv wzr frqvhtxhqfhv= rqh lv wkdw wkh vhw ri ￿uhg hpsor|hhv lv qrw sduw ri
wkh surgxfwlrq whdp/ zkdw uhgxfhv vxusoxv1 Wkh vhfrqg lv wkdw/ li oderu
uhjxodwlrqv lpsrvh lw/ wkh rzqhu lv irufhg wr sd| d vhyhudqfh sd|phqw wr wkh
vhw ri ￿uhg hpsor|hhv1
Lq vxppdu|/ d wkhru| ri zdjh irupdwlrq xqghu h{ dqwh +uhvshfwlyho|/ h{
srvw, edujdlqlqj fdqqrw +fdq, h{sodlq jhqhudoo| wkh ghshqghqfh ri zdjhv rq
yduldeohv uhodwhg wr wkh frvwv ri ghvwuxfwlrq ri wkh hpsor|phqw uhodwlrqvkls1
Wklv lv ehfdxvh h{ dqwh +uhvshfwlyho|/ h{ srvw, edujdlqlqj lv suhylrxv +srvwh0
ulru, wr vxqn frvw uhodwhg wr wkh fuhdwlrq ri wkh hpsor|phqw uhodwlrqvkls1
D vhfrqg lvvxh wkdw lv qrw vroyhg lq wkh HE2UWP sdudgljp lv wkdw lw lv
pxwh rq wkh w|sh ri edujdlqlqj wkdw wdnhv sodfh lq ￿upv zlwkrxw frruglqdwhg
oderu1 Li lqvwhdg zh doorz iru wkh h{lvwhqfh ri edujdlqlqj ri vrph w|sh lq ￿upv
zlwkrxw d Xqlrq +dv lw vhhpv sodxvleoh= zk| fdqqrw lqglylgxdov edujdlq zlwk
wkh rzqhuB, wkh HE2UWP dssurdfk grhv qrw jlyh dq dqvzhu rq zkdw lv wkh
h￿hfw ri oderu frruglqdwlrq rq/ vd|/ wkh ohyho ri zdjhv1
Wklv sdshu dwwhpswv wr wdfnoh suhflvho| wkhvh wzr srlqwv1 Zh frqvlghu
wkh h￿hfwv ri ￿ulqj frvwv dqg lqh!flhqflhv dulvlqj iurp vhsdudwlrqv +txlwv
dqg od|r￿v, rq h{ srvw edujdlqlqj1 Zh dovr lqwurgxfh wkh srvvlelolw| ri wkh
h{lvwhqfh ri lqglylgxdo edujdlqlqj lq ￿upv zlwkrxw frruglqdwhg edujdlqlqj1
Lq rxu vhwwlqj/ wkh frpsdulvrq ri d frruglqdwhg edujdlqlqj vhwwlqj dqg dq
xqfrruglqdwhg vhwwlqj grhv qrw lpso| frpsdulqj d edujdlqlqj uhjlph zlwk
dq zdjh0wdnlqj uhjlph/ exw udwkhu lw lpsolhv frpsdulqj wzr h{whqvlyh irupv
ri wkh edujdlqlqj jdph1
Zh od| rxw d prgho ri d ￿up zlwk d frqwlqxrxv qxpehu ri hpsor|hhv1
Zh ghvfuleh zdjh edujdlqlqj zlwkrxw d xqlrq dv lqglylgxdo edujdlqlqj1 Wklv
phdqv wkdw zlwkrxw d xqlrq hdfk ri wkh hpsor|hhv edujdlqv vlpxowdqhrxvo|
dqg qrq0frrshudwlyho| zlwk wkh ￿up ryhu khu rzq zdjh1 Zh prgho d vlpsoh
h{whqvlyh irup jdph iru lqglylgxdo edujdlqlqj wkdw |lhogv vlpsoh vroxwlrqv
hyhq li wkh qxpehu ri hpsor|hhv lv d frqwlqxrxv yduldeoh1 Frruglqdwhg +ru
dvvxuhv wkh oderu*v uljkw wr vwulnh e| ￿up0ohyho Xqlrqv ru Zrunv Frxqflov1
7Xqlrq, edujdlqlqj phdqv wkdw hpsor|hhv ghohjdwh wkh uljkw wr pdnh ru dffhsw
r￿huv wr d xqltxh djhqw +d xqlrq ohdghu,/ wkdw frruglqdwhv wkh qhjrwldwlrq
zlwk wkh ￿up1 Zh doorz iru lqfuhdvhv lq edujdlqlqj srzhu zkhq d xqlrq
ohdghu lqwhuyhqhv1
Zh frpsduh lq wkh ￿uvw sodfh zdjh irupdwlrq xqghu Xqlrq ru frruglqdwhg
edujdlqlqj dqg zlwkrxw Xqlrq ru lqglylgxdo edujdlqlqj1 Zh ￿qg wkdw xqghu
lqglylgxdo edujdlqlqj zdjhv duh ohvv ghshqghqw ri ￿up fkdudfwhulvwlfv wkdq
xqghu froohfwlyh edujdlqlqj1 Lq sduwlfxodu xqghu lqglylgxdo edujdlqlqj zdjhv
duh lqghshqghqw ri wkh vl}h ri wkh ￿up/ zkdw lv qrw wuxh xqghu frruglqdwhg
edujdlqlqj1 Xqghu frruglqdwhg edujdlqlqj wkhuh lv lq jhqhudo d ￿up vl}h0zdjh
h￿hfw1 Wkh vljq ri wkh ￿up vl}h0zdjh h￿hfw ghshqgv rq zkhwkhu wkh rzqhu
ehqh￿wv iurp vfdoh hfrqrplhv dw ￿ulqj +iru lqvwdqfh/ li oltxlgdwlrq frvwv duh
orz,1 Lq erwk edujdlqlqj uhjlphv zdjhv ghshqg fuxfldoo| rq djhqwv sd|r￿v
zkhq wkh hpsor|phqw uhodwlrq lv ghvwur|hg1 Zh ￿qg lq sduwlfxodu wkdw ￿ulqj
frvwv |lhog d uhqw iru oderu wkdw lv lqghshqghqw ri wkh surgxfwlyh dfwlylwlhv ri
wkh ￿up1
Zh whvw wkh hpslulfdo lpsolfdwlrqv ri rxu prgho zlwk d gdwd edvh ri Vsdq0
lvk ￿upv1 Zh vkrz wkdw li oderu frruglqdwlrq prgl￿hv wkh h{whqvlyh irup ri
wkh edujdlqlqj jdph lqvlgh wkh ￿up/ wkhq wkh frqglwlrqdo h{shfwdwlrq ri
zdjhv lq ￿up zlwk dqg zlwkrxw oderu frruglqdwlrq vkrxog iroorz d gl￿huhqw
ixqfwlrqdo irup/ lq d sduwlfxodu gluhfwlrq1 Zh ghulyh d qhvwhg vshfl￿fdwlrq
ri ￿up zdjhv dv d ixqfwlrq ri ￿up fkdudfwhulvwlfv dqg dq lqglfdwru ri wkh
edujdlqlqj uhjlph lq wkh ￿up1 Wkh wkhru| lpsolhv wkdw d vhw ri frh!flhqwv lq
wklv qhvwhg vshfl￿fdwlrq duh gl￿huhqw wr }hur li frruglqdwlrq dowhuv wkh h{whq0
vlyh irup ri wkh edujdlqlqj jdph1 Wklv lv irxqg wr eh wkh fdvh lq rxu gdwd
edvh1 Zh ￿qg wkdw frruglqdwhg edujdlqlqj vxevwdqwldoo| lqfuhdvhv edujdlqlqj
srzhu/ exw uhgxfhv oderu*v delolw| wr srvh wkuhdwv wr pdqdjhphqw1
Uhjduglqj wkh vrxufhv ri rxu gdwd/ lw vkrxog eh qrwlfhg wkdw zh zloo qrw
eh vwulfwo| revhuylqj xqlrqv* ehkdylru1 Zh zloo eh vwxg|lqj wkh h￿hfw ri ￿up0
ohyho froohfwlyh djuhhphqwv +IOFD, rq wkh edujdlqlqj jdph lqvlgh wkh ￿up1
D glvfxvvlrq ri wkh vlplodulwlhv dqg gl￿huhqfhv ehwzhhq xqlrqv dqg IOFD fdq
eh irxqg lq Iuhhpdq +<7,/ Mlp￿qh} +<8, dqg Sdohq}xhod dqg Mlphqr +<9,1 Lq
zkdw iroorzv dqg iru vlpsolflw| zh zloo lghqwli| IOFE zlwk d Xqlrq dw wkh
￿up ohyho1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh wkhruhwlfdo
prgho ri frruglqdwhg dqg lqglylgxdo edujdlqlqj1 Vhfwlrq 6 ￿qgv lpsolfdwlrqv
ri frruglqdwhg edujdlqlqj rq wkh Xqlrq zdjh suhplxp dqg ghulyhv dq hfrqr0
8phwulf vshfl￿fdwlrq xvhg wr lghqwli| wkh h￿hfw ri oderu frruglqdwlrq rq wkh
edujdlqlqj jdph1 Vhfwlrq 7 forvhv wkh sdshu zlwk frqfoxglqj uhpdunv1 Wkh
ghvfulswlrq ri wkh gdwd edvh xvhg lv frqwdlqhg lq dq Dsshqgl{1
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Zh frqvlghu dq h{ srvw edujdlqlqj jdph zlwklq d ￿up1 Wkh ￿up lv frpsrvhg
e| wzr w|shv ri djhqwv= wkh rzqhu +8, dqg d qxpehu ￿ ri hpsor|hhv1 Vkruwo|
ehiruh wkh surgxfwlrq vwdjh/ wkh ￿ hpsor|hhv kdyh wkh rswlrq ri edujdlqlqj
zlwk wkh rzqhu lq rughu wr vsolw wkh jurvv vxusoxv iurp surgxfwlrq ri jlyhq vl}h
7￿ Edujdlqlqj fdq iroorz wzr uhjlphv1 Lw fdq hlwkhu eh lqglylgxdo +zlwkrxw
Xqlrq= hdfk hpsor|hh edujdlqv lqglylgxdoo| zlwk wkh ￿up, ru froohfwlyh +zlwk
Xqlrq,1
Xqghu froohfwlyh edujdlqlqj wkh hpsor|hhv ghohjdwh ghflvlrq0pdnlqj wr d
xqltxh djhqw +d Xqlrq ohdghu, wkdw frruglqdwhv wkh zdjh edujdlqlqj jdph/
wkdw iroorzv dq xowlpdwxp jdph1 Wkh xqltxh edujdlqlqj jdph wdnhv sodfh
ehwzhhq wkh Xqlrq ohdghu dqg wkh rzqhu1 Qdwxuh jlyhv doo wkh edujdlqlqj
srzhu wr wkh Xqlrq ohdghu zlwk suredelolw| kS￿ Zlwk suredelolw| kS +uhvshf0
wlyho|/ ￿ ￿ kS, wkh oderu uhsuhvhqwdwlyh +wkh rzqhu, jhwv wkh uljkw wr pdnh
d zdjh r￿hu frpprq iru doo hpsor|hhv1 Ilqdoo|/ wkh djhqw wkdw uhfhlyhv wkh
zdjh r￿hu ghflghv zkhwkhu wr dffhsw ru uhmhfw lw1
Xqghu lqglylgxdo edujdlqlqj wkh ￿ hpsor|hhv edujdlq iru zdjhv zlwk wkh
rzqhu1 Hdfk hpsor|hh edujdlqv vlpxowdqhrxvo| dqg qrq0frrshudwlyho| zlwk
uhvshfw wr wkh rwkhu hpsor|hhv1 Lqglylgxdo edujdlqlqj iroorzv dq xowlpdwxp
jdph iru hdfk ri wkh hpsor|hhv1 Lq sduwlfxodu wkh ￿ xowlpdwxp jdphv duh
prghohg dv iroorzv= wkhuh lv d frqwlqxxp ri lqghshqghqw/ elqrpldo udqgrp
yduldeohv R￿c zkhuh ￿ lv dq lqgh{ ri hpsor|hhv= ￿ 5 dfc￿o￿ Hdfk udqgrp
yduldeoh R￿ vdwlv￿hv R￿ 5 i8c￿j dqg ￿hER￿ ’ ￿￿’￿￿￿hER￿ ’ 8￿’k _ ’
k S￿ { kc zlwk {k ￿ kS ￿ k_￿ Li R￿ ’ ￿ Euhvshfwlyho|/ 8￿ wkhq lq wkh jdph
ehwzhhq hpsor|hh ￿ dqg wkh ￿up/ ￿ +uhvshfwlyho|/ wkh ￿up, pdnhv d wdnh
lw ru ohdyh lw zdjh0r￿hu wr wkh ￿up +hpsor|hh ￿,1 Lqlwldoo| wkh ￿ udqgrp
yduldeohv duh uhdol}hg1 E| frqvwuxfwlrq/ wkhuh lv d wrwdo ri k_￿ hpsor|hhv
wkdw pdnh r￿huv wr wkh ￿up dqg E￿ ￿ k_￿￿ hpsor|hhv wkdw uhfhlyh r￿huv iurp
wkh ￿up1 Doo wkhvh r￿huv duh pdgh vlpxowdqhrxvo| dqg qrq0frrshudwlyho|1
Dw wkh qh{w vwdjh/ hdfk ri wkh E￿ ￿ k_￿￿ hpsor|hhv wkdw uhfhlyh dq r￿hu
lqghshqghqwo| ghflgh zkhwkhu wr dffhsw ru uhmhfw wkh r￿huv wkh| jrw iurp wkh
￿up1 Vlpxowdqhrxvo|/ wkh rzqhu ghflghv zkhwkhu wr dffhsw ru uhmhfw hdfk ri
9wkh k_￿ r￿huv vkh jrw iurp wkh iudfwlrq ri hpsor|hhv wkdw kdg wkh fkdqfh ri
pdnlqj wdnh lw ru ohdyh lw r￿huv1
Wkh rxwvlgh rssruwxqlw| iru wkh rzqhu /L8 E5￿c zkhq edujdlqlqj zlwk d
frdolwlrq ri 5 hpsor|hhv lv wr xqlodwhudoo| ghvwur| wkh hpsor|phqw uhodwlrq0
vkls1 Wkdw lv/ wr ￿uh doo hpsor|hhv lq i5j ru srvvleo| +li 5 ’ ￿, wr oltxlgdwh
wkh ￿up1 8*v rxwvlgh xwlolw| L8 E5￿ ghshqgv rq wkh qxpehu 5 5 dfc￿o ri
hpsor|hhv wkdw duh rxwvlgh ri wkh surgxflqj frdolwlrq/ i￿ ￿ 5j^81L qr u 0
ghu wr h{foxgh i5j hpsor|hhv iurp wkh surgxflqj frdolwlrq i￿ ￿ 5j/ 8 lv
irufhg wr ￿uh wkhp dw d gluhfw frvw CE5￿c zlwk CEf￿ ’ f dqg C￿ : f￿ Wkh
uhpdlqlqj surgxflqj frdolwlrq i￿ ￿ 5j^8 lv deoh wr rewdlq rqo| d iudfwlrq
￿ E5￿ 5 dfc￿o ri wkh h!flhqw rxwfrph/ 71 Wkh h!flhqw rxwfrph 7 lv wkh h{
srvw vxusoxv7 zkhq qr hpsor|hhv duh ￿uhg1 Wkh rxwvlgh rssruwxqlw| ri wkh
￿up dv d ixqfwlrq ri wkh qxpehu ri ￿uhg hpsor|hhv/ L8 E5￿c lv=
L8 E5￿’￿E 5 ￿7￿CE 5 ￿ zkhuh= ￿ Ef￿ ’ ￿ dqg ￿
￿ E5￿ ￿ f +4,
Wkh ixqfwlrq ￿ E5￿ fdswxuhv wkh qdwxuh ri djhqwv* vshfl￿f lqyhvwphqwv
vxqn lq wkh ￿up1 Lq sduwlfxodu/ lw phdvxuhv wkh ghjuhh wr zklfk hpsor|hhv*
h￿ruw lqfuhdvhv wkh surgxfwlylw| ri wkh sk|vlfdo dvvhwv ru wkh surgxfwlylw|
ri wkhlu rzq kxpdq fdslwdo1 Li djhqwv lqyhvw lq wkh surgxfwlylw| ri sk|vlfdo
dvvhwv wkhq hpsor|hhv* vhsdudwlrq grhv qrw ghfuhdvh wkh vl}h ri wkh vxusoxv
E￿ E5￿ * ￿ ;5￿1 Li djhqwv lqyhvw lq wkhlu rzq kxpdq fdslwdo/ wkhq ￿ulqj 5
hpsor|hhv ghfuhdvhv vxusoxv vkduso| E￿ E5￿ * f ;5￿￿
Wkh rxwvlgh rssruwxqlw| ri 5 hpsor|hhv wkdw ohdyh wkh ￿up/ L5c lv zkdw
wkh| fdq dfklhyh e| wkhpvhoyhv e| yroxqwdulo| txlwwlqj wkh surgxfwlrq frdol0
wlrq1 Zh fdoo wkdw uhvhuydwlrq zdjh ￿A￿ Wkhq= L5 ’ 5￿A￿
Zh dvvxph wkdw wkh h!flhqw rxwfrph lv wkdw wkh ￿ hpsor|hhv uhpdlq lq
wkh surgxfwlrq frdolwlrq
#
￿ ￿ ￿ E5￿
5
$
7:￿ A ,7:￿E 5 ￿7￿CE 5 ￿n5￿A
vlqfh CE5￿ ￿ f1 Wkh ixqfwlrqv ￿ E5￿ dqg CE5￿ sod| wkh rqo| uroh ri ghwhu0
plqlqj wkh whupv ri wudgh ehwzhhq i5j dqg 8 dw wkh edujdlqlqj vwdjh1 Wkhvh
ixqfwlrqv ghwhuplqh wkh glvwulexwlrq whfkqrorj| ri wkh ￿up1 Lq sduwlfxodu/ zh
fdq wklqn ri ￿ E5￿ dv wkh ￿wkuhdw￿ ri wkh ￿uhg frdolwlrq wr wkh rzqhu lq whupv
ri wkh sursruwlrq ri vxusoxv orvw1 Wkh whup ￿ ￿ ￿ E5￿ lv wkh sursruwlrq ri
vxusoxv dw vwdnh lq wkh edujdlqlqj jdph1 Iru frqfuhwhqhvv/ zh lqwurgxfh=
7V lv wkh vxusoxv jurvv ri wkh frvwv ri uhohydqw qrq0prqhwdu| lqyhvwphqwv1
:Gh￿qlwlrq 4 zh zloo uhihu wr q E5￿’
￿ 3 ￿ E 5 ￿
5 dv wkh dyhudjh vwdnh zkhq 5
hpsor|hhv edujdlq mrlqwo| zlwk wkh rzqhu1
Lghqwlfdoo|/ CE5￿ lv d wkuhdw ri wkh ￿uhg frdolwlrq i5j wr 8 lq whupv ri
gluhfw rzqhu*v frvwv ri ￿ulqj i5j1 Iru frqfuhwhqhvv zh zloo fkdudfwhul}h wkh
qdwxuh ri lqyhvwphqwv lq wkh iroorzlqj zd|1
Gh￿qlwlrq 5 Zh fdoo ￿ E5￿ wkh surgxfwlrq wkuhdw0whfkqrorj| ri frdolwlrq
i5jc dqg zh fdoo CE5￿ wkh ￿ulqj frvwv wkuhdw0whfkqrorj| ri frdolwlrq i5j1
Zh doorz iru hfrqrplhv dqg glvhfrqrplhv ri vfdoh lq wkh wkuhdw whfk0
qrorjlhv1 Wkh surgxfwlrq wkuhdw whfkqrorj| ￿ E5￿ vkrzv lqfuhdvlqj pdujlqdo
uhwxuqv iru oderu li ￿ ￿￿ ￿ f 8￿ Vlploduo|/ wkh ￿ulqj frvwv wkuhdw0whfkqrorj|
vkrzv lqfuhdvlqj pdujlqdo uhwxuqv wr ￿ iru oderu li C￿￿ : f￿ Wklv dulvhv iru
lqvwdqfh li oltxlgdwlrq surfhgxuhv duh yhu| frvwo| iru wkh rzqhu ri wkh ￿up/
vr wkdw ￿ulqj pdq| hpsor|hhv lv sursruwlrqdoo| pruh h{shqvlyh wkdq ￿ulqj
ihzhu hpsor|hhv1 Ghfuhdvlqj pdujlqdo uhwxuqv +iru oderu, lq wkh ￿ulqj frvwv
wkuhdw whfkqrorj| duh rq wkh rwkhu kdqg wkh uhvxow ri hpsor|phqw uhjxodwlrq
uhjlphv wkdw idflolwdwh sd|uroo uhgxfwlrq ru oltxlgdwlrq +vr wkdw wkh dyhudjh
gluhfw frvw ri ￿ulqj hpsor|hhv ghfuhdvhv zlwk wkh qxpehu ri hpsor|hhv,1
6 Lpsolfdwlrqv
614 Lqglylgxdo yv froohfwlyh edujdlqlqj
Xqghu frruglqdwhg edujdlqlqj wkh Xqlrq ohdghu kdv d suredelolw| +kS,r i
pdnlqj d wdnh0lw0ru0ohdyh0lw r￿hu wr wkh rzqhu +dqg d suredelolw| E￿ ￿ kS￿
ri uhfhlylqj lw,1 R￿huv xqghu frruglqdwhg edujdlqlqj duh iru wkh mrlqw zdjh
eloo ri hpsor|hhv/ ￿S￿1 Li wkh Xqlrq ohdghu +uhvshfwlyho|/ ￿up*v rzqhu, kdv
doo wkh edujdlqlqj srzhu wr pdnh dq r￿hu/ wkh rzqhu +Xqlrq ohdghu, ghflghv
vxevhtxhqwo| wr dffhsw ru uhmhfw wkh r￿hu uhfhlyhg1 Wkh rxwvlgh rssruwxqlw|
ri wkh rzqhu lv wr froohfw wkh vxusoxv uhpdlqlqj diwhu ￿ulqj doo hpsor|hhv/
￿ E5 ’ ￿￿7 dqg krqrulqj wkh ￿ulqj frvwv/ CE5 ’ ￿￿￿ Wklv |lhogv/ iru wkh
h{shfwhg zdjh eloo ri wkh hpsor|hhv=
8Vlqfh wkh jdph lv d }hur0vxp jdph/ ￿33 ? 3 lpsolhv ghfuhdvlqj pdujlqdo uhwxuqv wr Q
iru rzqhuv lq wkh glvwulexwlrq whfkqrorj|1
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Pruhryhu/ wkh zdjh ￿S lqfuhdvhv +uhvshfwlyho|/ ghfuhdvhv, zlwk wkh vl}h ri wkh
￿up +￿, li ￿ulqj frvwv duh frqyh{ +uhvshfwlyho|/ frqfdyh, dqg li wkh vwdnh
ixqfwlrq ￿ ￿ ￿ E￿￿ lv frqyh{ +uhvshfwlyho|/ frqfdyh,1
Lqwhuhvwlqjo|/ hpsor|hhv lqwhuqdol}h ￿ulqj frvwv lq zdjhv hyhq li ￿ulqj grhv
qrw rffxu lq htxloleulxp1 Lw lv lpsruwdqw wr uhpdun wkdw wklv w|sh ri uhvxow lv
qrw srvvleoh lq wkh vwdqgdug ￿H!flhqw edujdlqlqj￿ dqg ￿Uljkw wr Pdqdjh￿
sdudgljpv1 Lq wkrvh vhwwlqjv zdjhv duh ghwhuplqhg suhylrxvo| wr wkh vwduw
ri wkh hpsor|phqw uhodwlrqvkls/ dqg wkh| duh lqyduldqw wr djhqwv* sd|r￿v
xqghu lqh!flhqw doorfdwlrqv1 Xqghu h{ srvw edujdlqlqj rq wkh rwkhu kdqg/
wkh uhjxodwlrq rq ￿up oltxlgdwlrq d￿hfw gluhfwo| wkh glylvlrq ri jurvv vxusoxv1
Lq sduwlfxodu/ h{shqvlyh oltxlgdwlrq surfhgxuhv lpso| wkdw hpsor|hhv h{wudfw
d uhqw ri h{shfwhg ydoxh kSCE￿￿*￿ wkdw lv lqghshqghqw ri surgxfwlyh idfwruv
lq 7￿
Xqghu lqglylgxdo edujdlqlqj wkh xowlpdwxp jdph ghvfulehg deryh wdnhv
sodfh vlpxowdqhrxvo| ￿ wlphv/ ehwzhhq wkh rzqhu dqg hdfk ri wkh hpsor|hhv1
Wklv phdqv wkdw hdfk ri wkh ￿ hpsor|hhv edujdlqv lqglylgxdoo|/ vlpxowdqh0
rxvo| dqg lqghshqghqwo| ri wkh rwkhu hpsor|hhv1 Xqghu wklv vshfl￿fdwlrq
djhqwv dqwlflsdwh +vlqfh edujdlqlqj lv h!flhqw, wkdw lq htxloleulxp doo r￿huv
lq wkh rwkhu i￿ ￿ ￿j vxejdphv duh dffhswhg dqg qr hpsor|hhv duh ￿uhg dw
wkrvh i￿ ￿ ￿j vxejdphv1 Pruhryhu/ hdfk hpsor|hh ￿ zloo dqwlflsdwh wkh zdjh
eloo sdlg wr wkh rwkhu hpsor|hhv lq htxloleulxp/ M3￿1 Iru v|pphwu|/ hdfk ri
wkh ￿ edujdlqlqj jdphv duh fkdudfwhul}hg e| d vxusoxv wr eh glylghg ehwzhhq
8 dqg ￿c Z￿8c dqg rxwvlgh rssruwxqlwlhv iru 8 dqg ￿ +uhvshfwlyho|/ L8 E0￿ dqg
L￿ E0￿, jlyhq uhvshfwlyho| e|=
Z￿8 ’ 7 ￿ M3￿
L8 E0￿’￿ E 0 ￿ 7 ￿ C E 0 ￿ ￿ M 3 ￿
L ￿ E 0 ￿’￿ A 0
zkhuh zh kdyh glylghg wkh vhjphqw dfc￿olq
￿
0 htxdo lqwhuydov vr wkdw hdfk
hpsor|hh ￿ lv ri ￿vl}h￿ 0:f 1
<Vlqfh lq htxloleulxp wkhuh duh qr txlwv ru od|r￿v/ wkh wkuhdw ri ￿ulqj lv
fuhgleo| uhdol}hg e| wkh ￿up wr hdfk hpsor|hh dv li kh zdv wkh rqo| rqh
srvvleo| ￿uhg1 Wkh zdjh iru hdfk hpsor|hh ￿ lv=
0￿
_ ’ k_ E7 ￿ M3￿ ￿ E￿ E0￿ 7 ￿ CE0￿ ￿ M3￿￿￿ nE ￿￿k _￿0￿A
Wdnlqj wkh olplw dv 0 $ f/ zh kdyh=
Uhpdun 5 Xqghu lqglylgxdo edujdlqlqj zdjhv fdswxuh d iudfwlrq k_ ri wkh
frvw ri ￿ulqj ￿rqh￿ hpsor|hh EC￿ Ef￿￿ dqg wkh ￿dyhudjh vxusoxv dw vwdnh￿ zkhq
rqo| ￿rqh￿ hpsor|hh edujdlqv/ *￿45<f q E5￿’￿ ￿ ￿E f￿ 9￿
￿
_ ’ E￿ ￿ k_￿￿A n k_C
￿ Ef￿ ￿k_￿
￿ Ef￿7
’E ￿￿k _￿￿ Ank _C
￿E f￿ n k_q Ef￿7 +6,
Pruhryhu/ zdjhv lq ￿upv zlwk lqglylgxdo edujdlqlqj duh lqghshqghqw ri wkh
vl}h: ri wkh ￿up/ ￿1
Dv rssrvhg wr wkh frruglqdwhg oderu fdvh/ wkhuh lv qrw d ￿up vl}h0zdjh
h￿hfw lq ￿upv zlwk lqglylgxdo edujdlqlqj +wklv lv lq vslwh ri wkh idfw wkdw
hpsor|hhv duh qrw sulfh wdnhuv,1 Lq wklv fdvh hpsor|hhv frpshwh zlwk hdfk
rwkhu iru r￿huv/ dqg duh deoh wr lqwhuqdol}h rqo| d iudfwlrq ri wkh pdujlqdo
wkuhdw zkhq doo hpsor|hhv uhpdlq lq wkh ￿up1 Wklv lv wkh vxusoxv dw vwdnh
soxv wkh ￿ulqj frvwv zkhq rqo| rqh hpsor|hh lv ￿uhg1 Pruhryhu/ htxdwlrq
+6, lv frpsdwleoh zlwk ￿_ fdswxulqj d odujhu iudfwlrq ri wkh ￿up*v vxusoxv 7c
wkdq ￿Sc li ￿ lv odujh hqrxjk dqg wkh dyhudjh vwdnh q E5￿ ghfuhdvhv zlwk 5￿
Lq rughu wr frpsduh wkh h￿hfwv rq zdjhv ri froohfwlyh edujdlqlqj lq d ￿up
zlwk ￿ hpsor|hhv dqg vxusoxv 7c zh fdq xvh +5, dqg +6, wr ￿qg wkh zdjh
suhplxp/ {￿ ￿ ￿S ￿ ￿_ G
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Q @o l p Q $ 3￿+ Q ,
@￿ +3,
:Lw lv lpsruwdqw wr qrwlfh wkdw wkh whupv J3 +3, dqg ￿3+3, lq +6, duh qrw wkh uhvxow ri d
Wd|oru h{sdqvlrq1 H{suhvvlrq +6, lv wkh h{dfw zdjh xqghu lqglylgxdo edujdlqlqj zkhq % lv
duelwudulo| vpdoo1
43Lw lv fohdu iurp +7, wkdw wkh uhodwlrq ehwzhhq wkh zdjh suhplxp iurp fr0
ruglqdwlrq {￿ dqg wkh vl}h ri wkh ￿up ghshqgv rq wkh frqfdylw| ru frqyh{lw|
ri dyhudjh ￿ulqj frvwv dqg dyhudjh vwdnh/ q E￿￿1 Zh kdyh=
Uhpdun 6 Wkh zdjh suhplxp {￿ iurp oderu frruglqdwlrq lqfuhdvhv zlwk
wkh ghjuhh ri frqyh{lw| ri wkh vwdnh ixqfwlrq E￿ ￿ ￿ E5￿￿ dqg zlwk wkh ghjuhh
ri frqyh{lw| ri ￿ulqj frvwv CE5￿￿
Lq sduwlfxodu/ li oderu ehqh￿wv iurp vfdoh hfrqrplhv dw ￿ulqj +wkdw lv/ li
oltxlgdwlrq surfhgxuhv lqfuhdvh pruh wkdq sursruwlrqdoo| zlwk wkh vl}h ri wkh
￿up= C￿￿ Ef￿ : f,/ wkh zdjh frruglqdwlrq suhplxp lqfuhdvhv zlwk ￿up vl}h1
Wklv lv luuhvshfwlyh ri wkh h￿hfw ri frruglqdwlrq rq edujdlqlqj srzhu dv orqj
dv kS : f￿
615 Hpslulfdo lpsolfdwlrqv
Lq wklv vhfwlrq zh h{sorlw wkh gl￿huhqfhv lq wkh ixqfwlrqdo irup ri h{shfwhg
zdjhv dv d ixqfwlrq ri ￿up vl}h ￿ dqg vxusoxv 7/ xqghu lqglylgxdo dqg fro0
ohfwlyh edujdlqlqj/ iru whvwlqj wkh lpsolfdwlrqv ri h{ srvw edujdlqlqj1 Dq
lpsolfdwlrq ri rxu prgho lv wkdw h{shfwhg zdjhv lq ￿upv zlwk froohfwlyh edu0
jdlqlqj E￿S EkSc￿￿￿ ghshqg qrqolqhduo| rq wkh wrwdo qxpehu ri hpsor|hhv/








Zh ghulyh d vlpsoh whvw edvhg rq wkh idfw wkdw ￿S Ekc￿￿whqgv wr htxdo0
l}h ￿_ Ek￿ iru vx!flhqwo| vpdoo ￿upv1 Pruh suhflvho|= *￿4￿<f ￿S Ekc￿￿’
￿ _E k ￿ ￿Vlqfh wkh w|sh ri edujdlqlqj uhjlph lv revhuyhg +S￿ ’ ￿ li lq ￿up ￿
oderu frruglqdwhv edujdlqlqj dqg S￿ ’frwkhuzlvh,/ zh dssur{lpdwh zdjhv lq
￿up ￿ e| ￿￿ * ￿_
￿ nS￿￿￿{￿￿
;￿ Wklv zloo doorz xv wr pds vwuxfwxudo dqg hvwl0





k& dL8 E5 ’f ￿￿L 8E 5’5 ￿ onE ￿￿k &￿￿ A zlwk & ’ Sc_
D vhfrqg0rughu Wd|oru h{sdqvlrq ri wkh whup L8 E5 ’ 5￿ |lhogv=
;Zh zloo kdyh wr wdnh lqwr dffrxqw wkdw srvvleo| ￿f 9@ ￿g dqg wkdw zh rqo| revhuyh dy0
hudjh ￿up zdjhv1 Ilupv* hpsor|hhv duh dfwxdoo| frpsrvhg ri orqj0whup hpsor|hhv holjleoh
iru vhyhudqfh sd|phqwv +Q lq rxu prgho, dqg ￿{hg0whup prghov/ qrw holjleoh iru vhyhudqfh
sd|phqwv1 Wklv odwwhu idfw pdnhv wkh ghulydwlrq ri wkh whvw ohvv vwudljkwiruzdug1
44L8 E5 ’ 5￿ * L8 E5 ’f ￿n
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Zh fdq vkrz lq sduwlfxodu wkdw=1
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H{suhvvlrq +9,< jlyhv d vlpsoh ghvfulswlrq ri zdjhv xqghu erwk uhjlphv1
Devwudfwlqj iru d prphqw iurp fkdqjhv lq edujdlqlqj srzhu gxh wr frrugl0
qdwlrq +{k ’ f,/ zdjhv xqghu froohfwlyh edujdlqlqj fdq eh dssur{lpdwhg dv
wkh zdjhv xqghu lqglylgxdo edujdlqlqj soxv dq dgglwlrqdo whup +ruljlqdwlqj
iurp wkh vhfrqg0rughu whup iru L8 E5￿ 43,1 Pruh jhqhudoo| +zlwk kS 9’ k_,z h
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￿ {k 6J nkSj +:,
zkhuh=
j ￿ C
￿￿ Ef￿ ￿U ￿￿
￿￿ Ef￿ 7￿ U +;,
Wkh whup 6J lq +:, grhv qrw ghshqg rq wkh qxpehu ri hpsor|hhv/ ￿￿
Htxdwlrq +7, ghfrpsrvhv wkh h￿hfw ri froohfwlyh edujdlqlqj rq zdjhv lq wzr
h￿hfwv/ d srzhu h￿hfw E{k 6J￿ gxh wr fkdqjhv lq edujdlqlqj srzhu/ dqg d
vfdoh h￿hfw/ kSj1 Iurp +:, j lq +7, vkrxog eh lqwhusuhwhg dv d vfdoh h￿hfw
dulvlqj iurp wkh idfw wkdw hpsor|hhv edujdlq dv d eorfn dqg wkhuhiruh kdyh dq
h￿hfw ri dq dgglwlrqdo rughu rq wkh ￿up*v xwlolw| fkdqjh gxh wr ￿ulqj frvwv1
Zkhwkhu wkh vfdoh h￿hfw kxuwv ru ehqh￿wv hpsor|hhv zloo ghshqg rq zkhwkhu
wkh ￿up kdv hfrqrplhv ri vfdoh ri ￿ulqj dqg wkh qdwxuh dqg vshfl￿flwlhv
ri hpsor|hhv lqyhvwphqw +zkhwkhu wkh| lqfuhdvh kxpdq ru sk|vlfdo fdslwdo
surgxfwlylw|,1
<Qrwlfh wkdw zh duh qrw vlpso| zulwwlqj zg dv d ￿uvw rughu dssur{lpdwlrq dqg zf dv d
vhfrqg rughu dssur{lpdwlrq1 Lqvwhdg/ zdjhv xqghu ghfhqwudol}dwlrq h{dfwo| frlqflgh zlwk
wkh ￿uvw whup ri wkh dssur{lpdwlrq wr zdjhv xqghu fhqwudol}dwlrq1
43Zdjhv xqghu ghfhqwudol}dwlrq duh qrw vxvfhswleoh ri d Wd|oru dssur{lpdwlrq duurxqg
Q @ 3/ vlqfh wkh| duh lqghshqghqw ri Q +zg lv h{dfwo| +6,,1
45Zh h{shfw 6J lq +:, wr eh srvlwlyh441 Wkh zdjh suhplxp dulvhv iurp
lqfuhphqwv lq edujdlqlqj srzhu +{k,/ ru iurp d srvlwlyh vfdoh h￿hfw +j,/ ru
erwk1
61514 Dyhudjh Zdjh Htxdwlrqv
Wkh wzr edujdlqlqj jdphv ghvfulehg deryh kdyh gl￿huhqw lpsolfdwlrqv rq
wkh ixqfwlrqdo irup ri h{shfwhg zdjhv/ frqglwlrqhg rq revhuydeohv olnh wkh
h{ srvw vxusoxv wr eh glylghg/ wkh qxpehu ri orqj whup hpsor|hhv dqg wkhlu
furvv surgxfwv1 Dv d ￿uvw vwhs/ zh qhhg wr dgdsw wkh prgho wr wkh vwuxfwxuh
ri rxu vdpsoh1 Wkh vdpsoh lv d sdqho ri Vsdqlvk ￿upv revhuyhg |hduo| iurp
4<;; wr 4<<5 451 Zh revhuyh iru hdfk ￿up ￿/ wkh wrwdo zdjh eloo ri wkh ￿up
dqg wkh wrwdo qxpehu ri hpsor|hhv/ ￿1 Zh fdq ghfrpsrvh wkh odwwhu qxpehu
lq orqj0whup hpsor|hhv/ ￿ +wkrvh vxfk wkdw ￿ulqj wkhp uhtxluhv d frvw, dqg
￿{hg0whup hpsor|hhv/ ￿A ’ ￿ ￿ ￿ +wkrvh vxfk wkdw qrw nhhslqj wkhp lq
wkh ￿up diwhu wkh hpsor|phqw whup lv ryhu kdv qr frvw, 461
Zh prgho dyhudjh zdjhv/ lq ￿upv zlwk dqg zlwkrxw froohfwlyh edujdlq0
lqj/ dqg zh qhvw wkh frqglwlrqdo h{shfwdwlrq iru erwk w|shv ri ￿upv lq rqh
htxdwlrq1 Vlqfh zh revhuyh wkh h{dfw wrwdo vxusoxv 7￿ wkdw lv glylghg hdfk
|hdu ehwzhhq hpsor|hhv dqg rzqhuv lq wkh ￿up/ zh gr qrw qhhg wr pdnh
dvvxpswlrqv derxw wkh surgxfwlrq ixqfwlrq ri wkh ￿up1 Iru & ’ iSc_j /w k h






’ ￿A E￿ ￿ s￿n￿&s/
zkhuh s ￿ ￿
￿ dqg ￿ dqg ￿& duh dv gh￿qhg lq suhylrxv vhfwlrqv￿








J￿2 dqg iurp +5,/ dyhudjh zdjhv lq ￿upv
zlwk froohfwlyh edujdlqlqj duh=
/

















zkhuh zh xvh wkh vxevfulsw ￿J￿ iru wkh ixqfwlrq hydoxdwhg dw }hur dqg zkhuh
h 7 lv wkh vxusoxv shu hpsor|hh= h 7 ￿ 7*￿1 Iurp +6,/ dyhudjh zdjhv lq ￿upv
44Vhh vhfwlrq 61515 iru hvwlpdwhv1
45Vhh wkh Dsshqgl{ iru wkh ghvfulswlrq ri wkh gdwd edvh1
46Lw lv vwudljkwiruzdug wr vkrz wkdw wkh uhvxowv ri wkh prgho gr qrw fkdqjh zkhq zh
lqwurgxfh ￿{hg0whup hpsor|hhv wkdw duh qrw vxvfhswleoh wr fdxvh d ￿ulqj frvw wr wkh ￿up
dqg zkrvh zdjh lv d frpplwwhg ￿up h{shqglwxuh1 Vhh Urguljxh} Sdohq}xhod +<:, iru d ixoo
ghvfulswlrq ri wkh prgho zlwk ￿{hg0whup hpsor|hhv1
46zlwk lqglylgxdo edujdlqlqj duh jlyhq h{dfwo| e|=
/
_ ’ ￿A E￿ ￿ s￿ n dE￿ ￿ k_￿￿A n k_C
￿
Jo s ￿ k_￿
￿
J ￿ h 7 +43,
Dyhudjh zdjhv vkrxog kdyh d gl￿huhqw ixqfwlrqdo irup zlwk uhvshfw wr
revhuydeohv +s/ ￿/ h 7, lq ￿upv zlwk froohfwlyh dqg lqglylgxdo edujdlqlqj1
Wklv lpsolfdwlrq zloo ohw xv whvw wkh h{lvwhqfh ri gl￿huhqw edujdlqlqj jdphv
lq ￿upv zlwk lqglylgxdo dqg froohfwlyh edujdlqlqj1
Frpsdulvrq ri htxdwlrqv +<, dqg +43, srlqw wr dq hfrqrphwulf vshfl￿fd0
wlrq iru revhuyhg zdjhv dqg wr d qxpehu ri whvwv derxw wkh h￿hfwv ri Xqlrq
rq wkh edujdlqlqj jdph1 Ohw S￿| eh dq lqglfdwru yduldeoh wkdw lv htxdo wr 4 li
￿up ￿ lq |hdu | kdv d froohfwlyh djuhhphqw dqg lv htxdo wr 3 rwkhuzlvh1 Wkhq
dyhudjh ￿up zdjhv/ ￿￿|c fdq eh zulwwhq dv wkh iroorzlqj qhvwhg h{suhvvlrq=
/￿| ’ E￿A￿d ￿￿s ￿|onE k _C
￿
JnE￿ ￿k_￿￿A￿ ds￿| E￿ ￿S￿|￿o
nEk SC
￿


































zkhuh zh kdyh zulwwhq frh!flhqwv lq eudfnhwv dqg revhuydeoh yduldeohv lq
vtxduh eudfnhwv1
Rxu h{ srvw edujdlqlqj prgho kdv lpsolfdwlrqv rq wkh vljqv ri wkh frhi0





d￿ ￿s￿|o ￿A : f
ds￿| E￿ ￿ S￿|￿o k_C￿
J n E￿ ￿ k_￿￿A : f
ds￿|S￿|o kSC￿
J nE ￿￿k S￿￿ A :f k




















Hyhq li zh gr qrw lqwhqg wr hvwlpdwh wkh vwuxfwxudo sdudphwhuv ri wkh
prgho 47/ zh fdq ohduq vrph idfwv derxw wkhp wkurxjk wkh hvwlpdwhg frh!0
flhqwv1
Wkh frh!flhqw ri d￿￿|s￿|S￿|o fdswxuhv wkh surgxfw ri wkh edujdlqlqj srzhu





dqg wkhuhiruh wkh w|sh ri uhwxuqv wr vfdoh ri wkh ￿ulqj frvw glvwul0
exwlrq whfkqrorj|￿ Dowkrxjk zh h{shfw C￿
J wr eh srvlwlyh/ zh gr qrw kdyh d
sulru iru C￿￿
J1
Wkh vljq ri ￿ ￿￿














J ￿ f idyruv
hpsor|hhv/ vlqfh lw lpsolhv lqfuhdvlqj uhwxuqv wr vfdoh lq wkh whfkqrorj| ri
wkuhdwv1
Wkh vljql￿fdqfh ri oderu*v edujdlqlqj delolw| dulvlqj iurp ￿pdujlqdo wkuhdw0
v￿ +￿￿ ￿
J : f, lpsolhv wkdw frh!flhqwv ￿kS￿￿
J dqg ￿k_￿ ￿
J vkrxog eh srvlwlyh1






kS zh uhfryhu wkh h￿hfw ri frruglqd0
wlrq rq djjuhjdwh edujdlqlqj srzhu1 Vlploduo|/ wkh uhohydqfh ri pdujlqdo
￿ulqj frvwv dw wkh ruljlq +C￿
J, fdq eh whvwhg e| wkh frpsdulvrq ri ￿A dqg
k&C￿
J n E￿ ￿k&￿￿Ac iru & ’ Sc_1
H{shfwhg vljqv duh frpsduhg wr wkh vljqv ri wkh hvwlpdwhg frh!flhqw iurp
d ohdvw vtxduhv hvwlpdwlrq ri htxdwlrq +44,1 Dowkrxjk ohdvw vtxduhv lv riwhq
dv uhvwulfwlyh hvwlpdwlrq surfhgxuh/ lw surylghv dw wkh ohdvw dq dssur{lpdwlrq
wr wkh frh!flhqwv1 Pruhryhu/ li rxu prgho lv fruuhfwo| vshfl￿hg/ rov surylghv
frqvlvwhqw hvwlpdwhv li revhuyhg yduldeohv duh phdvxuhg zlwkrxw huuru +zkdw
47Wkh vwuxfwxudo sdudphwhuv duh qrw lghqwl￿hg1 Zh irfxv rq uhvwulfwlrqv rq wkh vwuxfwxudo
sdudphwhuv wkdw duh vx!flhqw frqglwlrqv wr uhvwulfw wkh vwuxfwxudo sdudphwhuv1





duh hfrqrp|0zlgh sdudphwhuv udwkhu wkdq vshfl￿f ￿up h￿hfwv1 Wklv lv lqghhg
wkh fdvh ri C￿
J dqg C￿￿
J +dqg srvvleo| dovr ri kS dqg k_, wkdw ghshqg rq uhjx0
odwlrqv dw qdwlrqdo ohyho/ frpprq wr doo ￿upv1 Wkh fdvh ri ￿￿
J dqg ￿￿￿
J uhtxluhv
vrph glvfxvvlrqv1 Dowkrxjk lw lv sodxvleoh wkdw wkh vwdnh ixqfwlrq ￿￿￿ E5￿ lv
￿up vshfl￿f/ wkhuh duh dovr uhdvrqv wr dujxh wkdw wkhuh lv rqh vxfk ixqfwlrq
iru wkh hfrqrp|1 Wkh dprxqw ri jurvv vxusoxv +￿ E5￿7, wkdw uhpdlqv wr wkh
rzqhu ri d ￿up diwhu 5 hpsor|hhv duh ￿uhg lv d uhohydqw k|srwkhvlv wkdw fdq
uduho| eh whvwhg ru yhul￿hg e| rzqhuv dqg hpsor|hhv lq dfwxdo edujdlqlqj
jdphv1 Li d ￿up ￿ kdv lwv vshfl￿f ixqfwlrq ￿ ￿ E5￿c lw zloo eh lq jhqhudo sur0
klelwlyho| h{shqvlyh wr ohduq ￿ ￿ E5￿ +￿ zloo kdyh wr hqjdjh lq lqh!flhqwo| ￿ulqj
d odujh iudfwlrqv ri lwv hpsor|hhv wr ohduq wkh vwdnh ixqfwlrq,1 Lw lv sodxvleoh
wkdw lqvwdqfhv ri gdwd uhohydqw iru hvwlpdwlqj ￿ E5￿ duh vkduhg lq wkh hfrqrp|
lq rughu wr vdyh wkrvh ohduqlqj frvwv/ dqg wkdw wkhuh lv vrfldo ohduqlqj ri rqh
￿ E5￿ pdsslqj iru wkh hfrqrp|1
Wkh ghvfulswlrq ri wkh yduldeohv xvhg fdq eh irxqg lq wkh Dsshqgl{1 Wdeoh
5 frqwdlqv ghvfulswlyh vwdwlvwlfv ri wkh gdwd11
Wdeoh 5=
Ghvfulswlyh vwdwlvwlfv ri yduldeohv dqg uhjuhvvruv
yduldeoh phdq vwg1ghy1
orj zdjh +￿￿￿￿f3￿ 3157<8 313<8:
Xqlrq +S, 3159<7 31776:8
Qxpehu ri orqj whup hpsor|hhv +￿U,1433￿ 318656 418<5;
Vxusoxv shu hpsor|hh + h 7,1433D 617;88 51<454
sursruwlrq ri lqvlghu hpsor|hhv d￿ ￿ so 313:4; 314466
s ￿ S 315843 317499
ds ￿ E￿ ￿ S￿o 319::3 317566
+￿U ￿ s ￿ S￿ 315843 413:9< k













Htxdwlrq +44, lpsolhv wkdw wkh h{shfwdwlrq ri dyhudjh zdjhv/ frqglwlrqhg rq
revhuydeoh yduldeohv olnh vxusoxv shu hpsor|hhv/ qxpehu ri orqj whup hpsor|0
hhv dqg sursruwlrq ri whpsrudu| hpsor|hhv ryhu wrwdo qxpehu ri hpsor|hhv
lq ￿upv lv d qrqolqhdu ixqfwlrq ri wkhvhv yduldeohv dqg wkdw wklv ixqfwlrq lv
gl￿huhqw lq ￿upv zlwk dqg zlwkrxw Xqlrq1 Wkh uhvxowv ri wkh hvwlpdwlrq duh
lq wdeoh 6
Wdeoh 61
ROV hvwlpdwlrq ri +44,
yduldeoh frh!flhqw frhi1 vwg1huuru s0ydoxh
d￿ ￿ so ￿A 3156;6 313455WW 3135:9WW
sS kSC￿
J n E￿ ￿ kS￿￿A 3157:< 31336<WW 313399WW
ds E￿ ￿ S￿o k_C￿




J 031349: 31335:WW 313377WW
k
E￿ ￿ S￿￿ h 7
l
￿k_￿￿











J 031333< 313334WW 31336:W
+,WW frh!flhqw lv vwdwlvwlfdoo| vljql￿fdqw z1u1w1 vwdqgdug huuru dw 4( ohyho
+,W frh!flhqw lv vwdwlvwlfdoo| vljql￿fdqw z1u1w1 vwdqgdug huuru dw 8( ohyho
Qrwlfh lq sduwlfxodu wkdw wkh uhvwulfwlrqv lpsrvhg e| wkh prgho lq wdeoh
4 duh vdwlv￿hg= doo frh!flhqwv lq wdeoh 4 duh hvwlpdwhg dv srvlwlyh lq wdeoh
61 Dgglwlrqdoo|/ wkh qxoo k|srwkhvlv wkdw g ￿k_￿￿
J ’ g ￿kS￿￿
J +htxlydohqw wr
kS 9’ k_, lv uhmhfwhg dw wkh 4( ohyho +qrw lq wkh wdeoh,1 Ilqdoo|/ wkh ￿ulqj
frvw ixqfwlrq dsshduv wr eh frqfdyh +C￿￿
J ￿ f, dqg wkh vwdnh ixqfwlrq ￿ ￿ ￿
lv dovr frqfdyh 0wkhuh duh ghfuhdvlqj pdujlqdo uhwxuqv wr ￿ i r uo d e r ul qw k h
glvwulexwlrq whfkqrorj|1 Wklv odvw ￿qglqj lv vx!flhqw iru rxu sxusrvhv= lw lv
lqfrpsdwleoh zlwk wkh h{lvwhqfh ri d frpprq edujdlqlqj jdph iru ￿upv zlwk
dqg zlwkrxw oderu frruglqdwlrq1 Pruh suhflvho|/
Uhpdun 7 Wkh ￿qglqj wkdw ￿ ￿￿
J 9’ f dqg C￿￿
J 9’ f lv lqfrpsdwleoh zlwk wkh
k|srwkhvlv wkdw wkh rqo| h￿hfw ri oderu frruglqdwlrq lv wr lqfuhdvh oderu*v h{
srvw edujdlqlqj srzhu iurp k_ ￿ f wr kS :k _￿
4 :Rxu prgho ri h{ srvw edujdlqlqj zkhuh frruglqdwlrq dowhuv wkh h{whqvlyh
irup ri wkh edujdlqlqj jdph lq dgglwlrq wr lqfuhdvh srzhu fdq dffrpprgdwh
wkh ￿qglqjv lq Wdeoh 61
Lw lv rq wkh rwkhu kdqg qrw srvvleoh wr uhfryhu wkh ydoxh ri wkh vwuxfwxudo
sdudphwhuv/ vlqfh wkh prgho lv qrw lghqwl￿hg1 Li zh qrupdol}h wkh edujdlqlqj
srzhu ri frruglqdwhg oderu wr d jlyhq ydoxh/ vd| kS ’ f￿2c zh fdq uhfryhu hvwl0
pdwhv ri wkh vwuxfwxudo sdudphwhuv481 Zlwk wklv qrupdol}dwlrq/ wkh vwuxfwxudo
sdudphwhuv frpsdwleoh zlwk Wdeoh 6 duh=
Wdeoh 7













Iurp wdeoh 7/ edujdlqlqj srzhu xqghu oderu frruglqdwlrq lv ￿yh wlphv
kljkhu wkdq zlwkrxw frruglqdwlrq1 Wkh pdlq lpsolfdwlrq ri wdeoh 7 +wkdw lv
lqghshqghqw ri wkh qrupdol}dwlrq xvhg iru kS, lv wkdw rzqhuv ri odujhu ￿upv
idfh ehwwhu frqglwlrqv dw edujdlqlqj zlwk frruglqdwhg oderu wkdq wkrvh ri
vpdoohu ￿upv zlwk frruglqdwhg oderu4:1 Dv wkh vl}h ri wkh ￿up lqfuhdvhv/ wrwdo
￿ulqj frvwv lqfuhdvh ohvv wkdq sursruwlrqdoo| dqg wkh sursruwlrq ri vxusoxv
ghvwur|hg e| od|r￿v lqfuhdvhv ohvv wkdq sursruwlrqdoo|1 Oderu*v wkuhdw0srlqw
lqfuhdvhv ohvv wkdq sursruwlrqdoo| wr wkh qxpehu ri hpsor|hhv/ uhgxflqj zdjhv
shu hpsor|hh1
48Zh fdq uhfryhu dv zhoo wkh vwdqgdug ghyldwlrqv ri wkh hvwlpdwhg vwuxfwxudo sdudphwhuv
+iru lqvwdqfh/ e| wkh ghowd phwkrg,1 Qrwlfh qhyhuwkhohvv wkdw wdeoh 6 lv lqfrpsdwleoh zlwk
wkh vwuxfwxudo sdudphwhuv qrw ehlqj vwdwlvwlfdoo| vljql￿fdqw1
49Rqfh zh qrupdol}h ￿f wr 315/ wkh prgho lv ryhulghqwl￿hg dqg wzr ydoxhv fdq eh uhfry0
huhg iru J3
r=
4:Wklv lv frpsdwleoh zlwk d srvlwlyh ￿up0vl}h h￿hfw lq d uhjuhvvlrq wkdw grhv qrw frqwuo
iru edujdlqlqj uhjlph1 Xqghu ￿{hg frvwv ri frruglqdwlrq odujhu ￿upv ghyhors frruglqdwhg
edujdlqlqj dqg h{wudfw pruh vxusoxv1
4;7F r qfoxvlrq
Zh dujxh wkdw lw lv uhdolvwlf wr lqwurgxfh wzr ohdglqj dvvxpswlrqv lq rughu
wr exlog d vlpsoh wkhru| ri wkh Xqlrq zdjh suhplxp1 Wkh ￿uvw rqh lv wkdw
wkh uhohydqw ehqfkpdun iru frpsdulqj zdjhv lq ￿upv zlwk oderu frruglqdwlrq
lv d ￿up zkhuh hpsor|hhv edujdlq zlwk rzqhuv zlwkrxw frruglqdwlrq/ udwkhu
wkdq d ￿up zkhuh zdjhv duh h{rjhqrxv1 Zh dvvxph wkdw lq ￿upv zkhuh
hpsor|hhv gr qrw frruglqdwh dw edujdlqlqj/ hdfk hpsor|hh lqglylgxdoo| edu0
jdlqv +srvvleo| zlwk yhu| vpdoo edujdlqlqj srzhu, zlwk pdqdjhphqw1 Xqghu
oderu frruglqdwlrq hpsor|hhv ghohjdwh uljkwv wr pdnh dqg dffhsw r￿huv wr
dq hohfwhg oderu uhsuhvhqwdwlyh1 Frruglqdwlrq qrw rqo| fkdqjhv edujdlqlqj
srzhu/ exw lw wudqvirupv wkh zkroh h{whqvlyh irup ri wkh edujdlqlqj jdph1
Wklv kdv lpsolfdwlrqv rq wkh ixqfwlrqdo irup ri zdjhv dv d ixqfwlrq ri ￿up
fkdudfwhulvwlfv1
Wkh vhfrqg lqjuhglhqw wkdw zh lqwurgxfh lv wkdw zh prgho zdjh irupd0
wlrq lq ￿upv zkhuh wkhuh lv h{ srvw edujdlqlqj1 Dv rssrvhg wr wkh H!flhqw
Edujdlqlqj dqg Uljkw wr Pdqdjh sdudgljpv/ lq rxu vhwwlqj edujdlqlqj rf0
fxuv diwhu uhohydqw lqyhvwphqwv kdyh ehhq vxqn/ exw ehiruh surgxfwlrq wdnhv
sodfh1 Lq wklv vhqvh/ zh iroorz wkh vhplqdo frqwulexwlrq ri Jurxw +;7,/ zkr
irfxvhv rq wkh glvwruwlrqdu| h￿hfwv ri h{ srvw edujdlqlqj rq qrq0yhul￿deoh
lqyhvwphqwv1 Lqvwhdg/ zh dqdo|}h zdjh irupdwlrq dv d ixqfwlrq ri +lq dggl0
wlrq wr jurvv vxusoxv, djhqwv sd|r￿v zkhq wkh hpsor|phqw uhodwlrqvkls lv
ghvwur|hg1 Wklv ohdgv wr gl￿huhqw lpsolfdwlrqv ri dq h{ dqwh edujdlqlqj wkh0
ru|/ zkhuh zdjhv ghshqg +lq dgglwlrq wr qhw vxusoxv, rq djhqwv sd|r￿v zkhq
wkh hpsor|phqw uhodwlrqvkls lv qrw fuhdwhg1 Xqghu h{ srvw edujdlqlqj zdjhv
ghshqg rq wzr w|shv ri frvwv ri ghvwur|lqj hpsor|phqw= gluhfw ￿ulqj frvwv
+frpsrvhg ri vhyhudqfh sd|phqwv dqg oltxlgdwlrq surfhgxuhv, dqg wkh frvw
iurp orvw vxusoxv zkhq d vxevhw ri surgxfwlyh hpsor|hhv duh vhsdudwhg iurp
wkh surgxflqj frdolwlrq1 Wr wkh odwwhu frpsrqhqw zh fdoo wkh vwdnh dw edu0
jdlqlqj1 Vwdnh dw edujdlqlqj ghshqgv rq wkh qdwxuh ri djhqwv lqyhvwphqwv lq
wkh ￿up= wudlqlqj +kxpdq fdslwdo, ru lqyhvwlqj lq sk|vlfdo fdslwdo1 Zh ￿qg
wkdw wkh frvwv ri ghvwur|lqj hpsor|phqw fuxfldoo| d￿hfwv wkh glvwulexwlrq ri
uhqwv lqvlgh wkh ￿up1 Lq sduwlfxodu/ xqghu odujh ￿ulqj frvwv oderu hqmr|v d
uhqw hyhq li wkhuh duh qr txlwv ru od|r￿v lq htxloleulxp1
Zh ￿qg wkdw wkh ixqfwlrqdo irup ri ￿ulqj frvwv dqg wkh vwdnh dw edujdlqlqj
dv d ixqfwlrq ri wkh qxpehu ri srwhqwldoo| ￿uhg hpsor|hhv ghwhuplqhv wkh ￿up
vl}h0zdjh h￿hfw +wkh uhodwlrqvkls ehwzhhq zdjhv dqg ￿up vl}h,/ exw rqo| lq
￿upv zlwk oderu frruglqdwlrq1 Lq ￿upv zlwk lqglylgxdo edujdlqlqj zdjhv
4<duh lqghshqghqw ri wkh vl}h ri wkh ￿up1 Wklv lv ehfdxvh xqghu lqglylgxdo
edujdlqlqj hpsor|hhv frpshwh iru r￿huv1 Wkh zruvw rxwfrph iru wkh ￿up
zkhq edujdlqlqj zlwk dq lqglylgxdo djhqw lv wr vx￿hu wkh frvw ri ghvwur|lqj
rqh hpsor|phqw uhodwlrqvkls/ lqghshqghqwo| ri wkh rzqhu*v uhodwlrqvklsv zlwk
wkh rwkhu hpsor|hhv1
Zh ghulyh d whvw wkh k|srwkhvlv wkdw oderu frruglqdwlrq +wkdw lv revhuy0
deoh, wudqvirupv wkh h{whqvlyh irup ri wkh edujdlqlqj jdph1 Wkh whvw lv edvhg
vlpso| rq d ohdvw vtxduhv dssur{lpdwlrq wr zdjhv/ zlwk ￿up fkdudfwhulvwlfv
dqg furvv0surgxfwv dv uhjuhvvruv1 Rxu ghulydwlrq ri wkh zdjh htxdwlrq pdsv
wkh vwuxfwxudo sdudphwhuv wr wkh hvwlpdeoh sdudphwhuv1 Zh uhmhfw wkh k|0
srwkhvlv wkdw frruglqdwlrq grhv qrw fkdqjh wkh h{whqvlyh irup ri wkh jdph1
Zh ￿qg lq sduwlfxodu wkdw frruglqdwlrq vxevwdqwldoo| lqfuhdvhv oderu*v edu0
jdlqlqj srzhu / exw gdpdjhv lwv delolw| wr srvh frvwo| wkuhdwv wr rzqhuvkls1
Rxu ohdvw vtxduhv vshfl￿fdwlrq lv frqvlvwhqw dv orqj dv wkh vwuxfwxudo sdudph0
whuv duh hfrqrp|0zlgh ixqfwlrqv dqg qrw ￿up0vshfl￿f ixqfwlrqv1 Zh dujxh
iru wkh sodxvlelolw| ri wklv dvvxpswlrq1
Rxu jhqhudo frqwhqwlrq lv wkdw wkh h{ srvw edujdlqlqj dssurdfk +lq wkh
vslulw ri Jurxw +;7, dqg Kduw dqg Prruh +<3,, wr oderu uhodwlrqv lv d iuxlwixo
dyhqxh iru uhvhdufk1 Sureohpv ri g|qdplf lqfrqvlvwhqf| lq frqwudfwlqj duh
d vdolhqw ihdwxuh ri oderu uhodwlrqv/ vlqfh Frqvwlwxwlrqv jhqhudoo| dvvxuh wkh
uljkw wr vwulnh dqg wkh uljkw wr +frvwo|, whuplqdwh yhqwxuhv dw dq| srlqw lq
wlph1 Khuh zh kdyh exlow d vlpsoh wkhru| ri zdjh irupdwlrq xqghu h{ srvw
edujdlqlqj/ exw wkh qxpehu ri srwhqwldo h{whqvlrqv +olnh hqgrjhql}lqj wkh
frruglqdwlrq/ h￿ruw ohyhov/ ￿up vl}h ghflvlrqv/ hwf1, vhhpv odujh1
53Uhihuhqfhv
^4‘ Dorjrvnrx￿v/ J1 dqg D1 Pdqqlqj/ +4<<4,/ ￿Whvw ri Dowhuqdwlyh Zdjh
Hpsor|phqw Edujdlqlqj Prghov zlwk dq Dssolfdwlrq wr wkh XN Djjuh0
jdwh Oderu Pdunhw￿/ Hxurshdq Hfrqrplf Uhylhz/ 68/ 5606:1
^5‘ Edqfr gh Hvsd￿d +4<<7,/ Fhqwudo gh edodqfhv= Uhvxowdgrv dqxdohv gh odv
hpsuhvdv qr ￿qdqflhudv= 4<<6/ Edqfr gh Hvsd￿d/ Pdgulg1
^6‘ Ehqwrolod/ Vdpxho dqg Mxdq M1 Grodgr +4<<7, ￿Oderxu Ioh{lelolw| dqg
Zdjhv= Ohvvrqv iurp Vsdlq￿/ Hfrqrplf Srolf|/ 4;/ ss1 860<<1
^7‘ Errwk/ D1O1+4<<8,/ ￿Od|r￿v zlwk Sd|r￿v= D Edujdlqlqj Prgho ri Xqlrq
Zdjh dqg Vhyhudqfh Sd| Ghwhuplqdwlrq￿/ Hfrqrplfd/ yro1 95/ & 57;1
^8‘ Eurzq/ F1 dqg M1 Phgr￿/ +4<;<,/ ￿Wkh hpsor|hu Vl}h0Zdjh H￿hfw ￿/
Mrxuqdo ri Srolwlfdo Hfrqrp|/ <: +48,/ 435:0438<1
^9‘ Grodgr/ M1M1 dqg Ehqwrolod/ V1/ +4<<5,/ ￿Zkr duh wkh lqvlghuvB zdjh
vhwwlqj lq vsdqlvk pdqxidfwxulqj ￿upv￿/ Edqfr gh Hvsd￿d/ Vhuylflr gh
Hvwxglrv/ GW<55<1
^:‘ Iodqdjdq/ Urehuw M/ Nduo R1Prhqh dqg Plfkdho Zdoohuvwhlq +4<<6,/
Wudgh Xqlrq Ehkdylrxu/ Sd| Edujdlqlqj dqg Hfrqrplf Shuirupdqfh/
Foduhqgrq Suhvv/ R{irug1
^;‘ Iuhhpdq/ F/ dqg Ulfkdug Nohlqhu +4<<7, ￿Gr Xqlrqv Pdnh Hqwhusulvhv
LqvroyhqwB￿1 Qdwlrqdo Exuhdx ri Hfrqrplf Uhvhdufk/ zrunlqj sdshu
7:<:1
^<‘ Iuhhpdq/ Ulfkdug E1/ hg1 +4<<7,/ Zrunlqj xqghu Gl￿huhqw Uxohv/ QEHU/
Uxvhoo Vdjh Irxqgdwlrq/ Qhz \run1
^43‘ Jurxw/ S1 +4<;7, ￿Lqyhvwphqw dqg Zdjhv lq wkh Devhqfh ri Elqglqj
Frqwudfwv= d Qdvk Edujdlqlqj Dssurdfk￿/ Hfrqrphwulfd/ Yro1 85/ 77<0
7931
^44‘ Kduw/ R1 dqg Mrkq Prruh +4<<3, ￿Surshuw| Uljkwv dqg wkh Qdwxuh ri
wkh Ilup￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ Ghfhpehu/ ss 444<08;1
54^45‘ Mlp￿qh}/ Vhujl +4<<8, ￿Wkh Lqflghqfh/ wkh Gxudwlrq dqg wkh Zdjh0
Lqfuhdvh H￿hfw ri d Vwulnh= Hylghqfh iurp wkh Vsdqlvk QFJH Vxuyh|￿/
G1W1 44624<<8/ ILHV/ Pdgulg1
^46‘ Mlphqr/ Mxdq I +4<<5, ￿Odv lpsolfdflrqhv pdfurhfrq￿plfdv gh od qhjr0
fldfl￿q frohfwlyd= ho fdvr hvsd￿ro￿/ Prqhgd | Fu￿glwr/4 < 8 1
^47‘ Mlphqr/ Mxdq I dqg Oxlv Wrkduld +4<<6, ￿Wkh h￿hfwv ri ￿{hg whup hp0
sor|phqw rq zdjhv= Wkhru| dqg hylghqfh iurp Vsdlq￿/ Lqyhvwljdflrqhv
Hfrq￿plfdv/ [YLL+6,/ ss1 7:80<71
^48‘ Mlphqr/ Mxdq I dqg Oxlv Wrkduld +4<<7,/ Xqhpsor|phqw dqg Oderxu
Pdunhw Ioh{lelolw|= Vsdlq/ Lqwhuqdwlrqdo Oderxu R!fh/ Jhqhyd1
^49‘ Pdqqlqj/ D1/ +4<<7,/ ￿Krz Urexvw lv wkh Plfurhfrqrplf Wkhru| ri wkh
Wudgh XqlrqB￿/ Mrxuqdo ri Oderu Hfrqrplfv/ yro1 45/ qJ 61
^4:‘ Phwfdoi/ G1 dqg V1 Ploqhu/ +4<<7, ￿Vsdqlvk Sd| Vhwwlqj Lqvwlwxwlrqv dqg
Shuirupdqfh Rxwfrphv￿ Glvfxvvlrq Sdshu 4<;/ Fhqwhu iru Hfrqrplf
Shuirupdqfh/ Mxqh1
^4;‘ Sdohq}xhod/ G1 U1 dqg M1I1 Mlphqr/ +4<<9, ￿Zdjh Guliw lq Froohfwlyh Edu0
jdlqlqj dw wkh Ilup Ohyho= Hylghqfh iurp Vsdlq￿/ Dqqdohv g*Hfrqrplh
hw gh Vwdwlvwltxh/ yro 74275/ ss1 4;:0539
^4<‘ Urguljxh}0Sdohq}xhod/ G1/ +4<<;,/ ￿Xqlrq H￿hfwv dqg wkh Uhirup ri Od0
eru Uhodwlrqv￿/ IHGHD Grfxphqwr gh wudedmr <:04</ Qryhpehu 4<<:1
^53‘ Urjhuv/ Mrho dqg Zroijdqj Vwuhhn +4<<7, ￿Zrunsodfh Uhsuhvhqwdwlrq
Ryhuvhdv= Wkh Zrunv Frxqflov Vwru|￿/ lq Iuhhpdq +4<<7,1
55Dsshqgl{
Ghvfulswlrq ri wkh gdwd4;
Lq rughu wr surylgh hpslulfdo hylghqfh rq pdlq suhglfwlrqv ri wkh prgho/
zh froohfw gdwd rq wkh h{lvwhqfh ri irupdo ￿up0ohyho edujdlqlqj lq Vsdqlvk
￿upv1 Lq Vsdlq/ xqolnh rwkhu frxqwulhv/ wkhuh duh qr vxuyh|v rq ￿upv uhjdug0
lqj lqgxvwuldo uhodwlrqv1 Wkxv/ d frpsuhkhqvlyh vwdwlvwlfdo vrxufh rq lqgxv0
wuldo uhodwlrqv dqg ￿upv* fkdudfwhulvwlfv lv qrw dydlodeoh1 Wkh pdlq vwdwlvwlfdo
vrxufh rq Vsdqlvk froohfwlyh edujdlqlqj lv wkh Froohfwlyh Djuhhphqw Vwdwlvwlfv
+Hvwdg￿vwlfd gh Frqyhqlrv Frohfwlyrv,/ ghyhorshg iurp wkh uhjlvwhu ri froohf0
wlyh djuhhphqwv nhsw e| wkh Vsdqlvk Plqlvwu| ri Hpsor|phqw4<1 Gdwd iurp
wklv vrxufh surylgh lqirupdwlrq rq wkh qxpehu ri ￿upv zlwk irupdo edujdlq0
lqj dqg wkh qxpehu ri zrunhuv d￿hfwhg e| wkhp/ vlqfh 4<;41 Krzhyhu/ wkh|
gr qrw surylgh lqirupdwlrq rq uhohydqw hfrqrplf yduldeohv +olnh zdjhv/ sur0
gxfwlylw|/ vxusoxv/ hwf1, ri ￿upv zlwk irupdo edujdlqlqj1 Wkxv/ gdwd iurp wkh
Froohfwlyh Djuhhphqw Vwdwlvwlfv kdv wr eh vxssohphqwhg e| d gdwd vhw zlwk
￿up0ohyho hfrqrplf fkdudfwhulvwlfv/ wkdw frqwdlqv ￿upv xqghu erwk uhjlphv
+zlwk dqg zlwkrxw irupdo edujdlqlqj,1
Wkh vxssohphqwdu| gdwd vrxufh wkdw zh xvh lv wkh Edqn ri Vsdlq*v Vxuyh|
rq Ilup*v Edodqfh Vkhhwv +Fhqwudo gh Edodqfhv gho Edqfr gh Hvsd￿d,1 Wklv
lv d vxuyh| frqgxfwhg e| wkh Edqn ri Vsdlq vlqfh 4<;5/ wkdw kdv lqirupdwlrq
rq uhohydqw hfrqrplf yduldeohv +olnh hpsor|phqw/ surgxfwlrq/ oderu frvwv/
sur￿wv/ hwf1,531 Pdwfklqj wkhvh wzr gdwd vrxufhv zh kdyh d vdpsoh ri ￿upv
xqghu wkh wzr uhjlphv/ irupdo edujdlqlqj dqg qr irupdo edujdlqlqj1 Zh
shuirup wkh pdwfklqj xvlqj wkh lqirupdwlrq iru 4<<31 Khqfh/ lq rxu vdpsoh/
d ￿up zlwk irupdo edujdlqlqj lv d ￿up zklfk kdv d froohfwlyh djuhhphqw
uhjlvwhuhg lq 4<<3 dqg zdv fryhuhg e| wkh Edqn ri Vsdlq*v Vxuyh| rq Ilup*v
Edodqfh Vkhhwv54
4;Wkh gdwd xvhg fruuhvsrqgv wr wkh vdph gdwd edvh wkdq wkh
rqh xvhg lq Sdohq}xhod dqg Mlphqr +<9,1 Zh eulh | ghvfuleh wkh
yduldeohv gh￿qlwlrq iroozlqj wkh gdwd vhfwlrq lq wkdw sdshu1
4<Froohfwlyh djuhhphqwv pxvw eh uhjlvwhuhg lq wkh Plqlvwu| ri Hpsor|phqw lq rughu wr
eh ohjdoo| hqirufhdeoh1
53Ehqwrolod dqg Grodgr +4<<7, xvh wklv gdwdedvh wr hvwlpdwh d lqvlghu0rxwvlghu prgho ri
zdjh ghwhuplqdwlrq lq Vsdqlvk ￿upv1
54
56